HREFEARBIITTOTWITE . F LTEEWN
HIVUFEMES kT4, bhibhoblZ s ),
4T THRE LT WA BHSAT MR
LEAMBTET, ZRTE,PLVEWIZETCT
B ol LIRVERNADOID, ZORETT S
iSRRI S & LGEANMTIEE A EZDOLEE
AHA L WIHEFIERBLTHET. EI 0o
LR TR ) BN RE LT, T9RET L.
FNTUELZLITATFTA FRAVAFHEL T L L
VA DARNT DN b EWSEETRTT A

A FAXY T 4 F T E W) SRR
o TWETA, RGN AIL L > THI A
Lalndbw)HRZHFoTuET. wERIR
FHENB - L2 b0 imf T, IEFITHA Ty
HirhEd, BEHEB I ek LT,
FLERETLETHIE TOMNICIRESLEZT
¥ E0wSH Z EEiEd L 2.

SR FHIEIEFICEELRBET, BHES AL
EoTE, WE T TIRAARGEMREZITITETH
M, AN T 4 F = T DWEBBICA - T,
Bodz, SEIZEERI AT E . B ) RGTE
v, L LS L, T Ete <
B XV, BANREALAFTIRELSR
DHATEL B ET L. FOBEHIAIIIDN
TIFFEBIC L CBM%E LC, HEAEHE I D> -
- eSS 1 BB A2 250megRix5 LT, TH
el % SEAEETIHTFCTE - L V) BB L D
DET.HLETTURSAIIL, EIVHIAT 5 —
LFa b EELLELT, IOIIHEUTS
ELEEGEEM I L CIRIICELRESEY D
ZEVWHZELEFEBLALHENTE. ENTLEHE
BENAHGERESREIRGT LD, HDHVIZMHE
et aXd3%R, F50) bIATVHTESD
DOTIE RGP EWIKELIILTEY 7.

o OSTRMHIRA LD BIEENEEL O T,
FEOHEMEIMEOTNEIED £ o LBV ETA
EHEMZREVOD ZEMOTHEMRIIFERT
LE AL ATEA WIS TE SMRAEMRTH S
ZEANDOARRED HRLETL x ) .

(129)

1307

SR AR 2 HIRIRT 27.5% OF N
HHNFLADTIEED 1 bS5 RNEENT
ndzy bOUEDE LT, EFICEERETD
JRNT &) & & T, BISHER DI A R DR 2
WIHIRASA 22X BICHY 7 4 F =T %5550
12, BiAYADHIEREN - TE T, $2X 7,000
RO BHEF DT & BA OB ERE & O3k
METEDTEY T3, EREIHEDb-THELNS
DOHEGH TG 7230 T B P SeE T.
BAOHBEZRALZ L OHLETTAAE
FHTTIRELTOLAADO—FH LR LZWL,
FEIEBELTLWET. Fo0BO=/ 2707 L
1 RT3 27200k LTHEZ 2 WEEd9E
I WATT A ARELE, RENIITHITW
el el 3 2 3 B AR

ERLEEDER

iR EIZEBEEH D F L2L DI, B
BT TO—FTE BRBALT T4 FTORH
AT LR SN TEAS, EhAST)
TRV D D £ 4. 0 FEWEN LT Tu—F
TRADOBEIAILLODWTHROBELEEZSBEL, &
DB G E 72 EREIT o Tl En) 2 &8
B LY AR AP LIRS S

EHIR VwbhWwi7F—F— X — FEH, #EHE
IR NN s o =

A FolklTid2o, tEoilk, HeAeD
MEIAPSIRM L - AMBROBIZT R Yo
ZrANELEILFREFROBHEIATT 74
FZTHLPEI PEHET ZBEET, B
3O EDILBEFERBITIC X ZEERTFIT
TR U BRI C, BER Tz
WTHIE 7 V=22 FAMEEAR I E VY E DS
T AISEZEFHOE ) 2EBLTEY I3

R A pee

7%, AT A DO, BREFIMEROBREIIER
A1 I ) PEE L IR DT, R

THH O T ORB LT TE 5 & 5 i
REFEEWMPSII LD T L7z, BIFITTHAR

BANEESNRE Fo% B72-FRI15E7 A108
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EDED) L KELBHBETRIINITE R o7D
T2, BIETIE, B A EDAMBLARINT &
TWUL, EE05 I VREEOMMETL +372 5kt
WAL o TH D 3. RIS LN
ETTWEFL -0y ftrar
&) ik AT 7 63 AR
A% EARESIZIRIL L, 25 A MR 0B F-SE 7 0
77 ANECDNARA 707 LA TR L
TENET.cODNAYAM 2707 LA T 6H
TOBRETREREENLEEZIIFARLILNTES
HFWC, MFEETiR, e b Alca—-Fah
TV ASEIEF D 70~80% 2R %2 1 /N— L72cDNA
<477 LA EERLTEN 9. Z2DDNA
=A7OF7 VLA ZHCTT 74 F =T %535
AMOFAMBOBEFRR 07 7 4 V2 G
L, RO RHEGTREPERTLZ L
T, R EMAFOLHLAETFEEEL S L
CHODMEFRERR 7O 7 74 VE b LIS
Fi AT L a2l REREEETEL (TN
TELPED)PEINEFALE B TR TE. =
DIFEE, TTIBEFERMARIZ BT 5 A F
WEEA v F =7 (F )Xy 20 oRREET-T
FTTICZDOFMMAGEH SR TEB ) T DT, IE
) S 2 F AT ITE, BT AW RRIZ A
LHIEABHEFERTEY T,

BIR REREXETIRIMPADLDESADN
XTIV ERSIE I, cDNAYA A 70T L
AWTF B DT I EATETLIOIERS
SWVIRAS DD DT .

WA RN S L EE R AR DAL IO IR RS
b XD FETAH, FEPAOCHBEELET.

EIR TRV EDVDOBEBFSALLTT D

AR XV TToT,BREETFMI A7 4%
BERERICIEA 51213 & 0 Bl e kol jess
LEEBRVWET.

SR Y74 F=FIZLTCH. 3T D
A5, WISV T 7 DDA BRE S ALTE B,
3HDANZCDNATA 707 LA TTMTENIL,
BHEIALESTIHFEITEELRIEEL, LSO

24
-

2b Ipreat=3, Mok 7S FTRISETAR10B

(130)

Lo, BT O IITRNIE Y eV R
TLOFTIKKRERA V237 M3H D T T4,

R I, cDNARA 27u7L4I2THELR
7oA A ORI T 58 RIEEE T, )
DERZETREUNDOIFEM LT TB D 3.0
DL, A TR OB T2 5F%+ M
LT, v—A— LTHHATEwh, Fhh
LA THRMIZER L TWalET odhrs,
HIADIEFZ B 4> B LT % [FI5E L TIHFEORERY
ELTHEIILBTE LA LnHIT L, T,
BliAs A DEHZ B THEWHEDBIG A S B 2 &
2 HEEY A8, B{EZETIS X D Y YRR
HEZHELTED L35 R, FREFREN
ZENREII s THBD FF. Y L EEREER
TLEMEZVEF TR a7 7 4 VHRE
ToTWnbIAbhoT&F LADT, HETD
BEE IR TY Y RO ESRHIET S
VAT LAORBEETS Y, LRI TE O
R % BB, I TERIRIGH] C & 22 it
EiToTwE T,

thE WO TWniEwidibh 4.
REBELLT7 4 Fo7ORWEN ORI S ) £
L7z &EL, b L L7n, BPADHGE~ A
raFALLrrarTRoTLBDOTIELELT,
BADHER L - IEHHgE=A 7084 s
TR TS T, BRI EBETHERS. DL
L7260, 728 XTI L REA L T B —
777 Y b ORGOEREPIEIIANERII -
TWhHED B0, 2IHTRE— AME
DIEFMFEEINTVWLI LN FHI0I LI %2
FrRA o TEHEHOE L b2 A0 s Lk
WARDEI NI LDLR s TITLVER VTS,

EIR EEFERENAIIL, FT74F2TD
BITEFIZDWTIE, & {RATTEENG 28, SRt
EVRBILHAN, BIO2VA, THIGBETFEE
DIFN B SEED SNDLFETT. LA L,SNPs
EWHIDR, T aERWS EVS LT, HESE
ZIHEIZL 2T v 85 EENH O
L) BT, O Lo st % & 5cDNAR A
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cDNAV M 20OF7 LA
DFIBAPARIZA
1tk ¥
ﬁ
R 2
8a L S TFIHTEAED
i :
Erd :
: - : DFATEPLEEC
D RE AET R :
TERERAR S
AEERIER —l— BIEFEEISNPRER

B, SFENE : ERLER~ORE

a7 LA, L 0EoREEMEVIEHA
5 OSNPsIRT S ERE LT 7u—FTHhbH LR
WET(ED). 2 a2l ENTEL LIRS
72D b, R D S TEWEOMADERIZERD
BItHEBMTEL LI RRI R o TELILEER
WET,ENEFHBELITALAFFYAL—TaF N
JH—FIIRE 0 bhbnﬁf@%&h‘mi‘wn‘&
wEBWwIdh BRE, 7a74 3 v 7 AR,
Tt —LEivoi, MATEIEL LR LHEE
LiEbR D LD TETHY TT.IHEICM
b EELFEASTTHFHRAIND & 7 X315
EEFE L W S ETERE GRVERL T IDT
v BuET. BRI 0, 21 #&,
I SIPRBEIEDEIDIICRETLION D
HVIREBESELVON, LTIELVORNE W)
BT—F, BEVWLE .

SEDOERRICAEIT

A WIEMSE-oTWETOR, Xy Fr—
275 EFTCw L &9 HENIIHREGORET D
MEEENTRVE, FTETRNZRINLDTII
BuwhrrkBwE 3, 728 2 AITKL-6 1TRF LT 1984
IR T TR AT E LA EB & L
TRTENLDIZI9FEFTTH2Y LN

(131)

VI X=DEMGELE LT, YT, AE—F 1 —,
VAFF vk, ISOEEE b TWE
FT.RETERT IWEWTIL Y EATWE T2,
AARTIEFE 5 72 BB TWT, ERB T A,
FHInAIRYFr—z3iLE B, FT—FROERT
IGHT & BB A L IFR AR RF O HEk P Eif &2 o
Lo T FIZRTWEEB s THnET.

SR A GHRFEORREE VIR MEE
LT500 F0ODI13E AL LKA
MUELRL, ZOREEBHE L2008 DLDIERY
F oy —fBELLVWIH) I LTI

=R PMLEIZLNTL & ).

FEH R ERILREID LARWTEA,
21 ) BRI ZE - 2RI L DT SLEET
HHERCET FEMBE LA NERI LN
Ho TRPBRPREZLBWE T, AROHIR
BRI, b o LRBEF AL E L THEIIEE
DLLE TV, DNAIZKES, 722 211
MO O LiF 72 & pHIRRZZ & 2, 5 WITAE
MOWEERIZLD,, €IV bOVHEIIREE LD
ABVATFLEDL 5T LEXHY T34,
HEVIZONE L TN — TG THIZEAY R
Il o TWBEDT, Thzdo bR EDTIE
LEBWET. ), BREEIETES >
ATFRETHRL TV EV) T EFEENIRER

BERE¥e

=
-5

#o92% E7S-THISET7 A10B
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WET,

iR FEWICHELATTR. 7 AV ILRAD
T,V —F N I—ALr -t H, IR
TRTEHLALRTFEELTCAALTHELDL XD
BRYATANEMEINTHET. BERTIISHED
EELHEEBVET,

o HEENROHER - REOIARIL, ATAR
AR EEAEC R TE LI NIBRTWET. 2O
B ORREOFHT L EFREOREIZRETFEA
EELTEL 2o Ty ET.HE RGN
RIET & B, AR O RERRIC I RTERIREL R
RV ETTI, R BEBEASLELL
DET.ERBEIEAIEAR Y Fr—E WA FiELH
DETH, /S INATETTIIF> TV EEHENS
H2:HIUTELHIHEL D DLEWIEAH LIED
NFEF. AR5 5 ek, R e & —
TEL, AERGMRED LT T I3, KR
EL O 5ehbak & S OMEIT L b BERIc UL
EWMALET.

SR Ak, EEE L, P AL -
FANF—FDHEELE SOOI 2 7 FAE
EHITTHEATED 3. BAROERIZERRIE
ERRL AT H D F 955, BRIZHE > TWitTw
RV, ZOREE LTEMIIZ L ORRPESH ST
EH—RHTY. LaL, FH, EMEEDOEHE

W EHEORENH-T, 2D 7 AIzE4S{kdt
FEESH, R TREMBEIZTEZESH 0 T
B LT A DS REIZ R > TED2H D
FI.VEXRIMHLREEZ Lodh ShTW A1
RRAED S, JFREDL I IZHB LW EWD
ZEEBELCIES

HA BER D HATEY T35 HETFRA
W ZEE D W BRI A TR R, SRR T RIS
X BEMERTFN L &, ARLEEOER I LT
LEMMTENIIEEZTBYET. LA L, 2
BOFENIZIEP R E L EAABBEOBESAD
BHAPLIEL 2 0 30T, W ICEBR & 355
AELTW I ENTELNEW) Z EHTH
Lo TWET HEPSEBIIETHMMmE LT
WHBRE LTI, FRZOFELO—IZth
ez TBY Y.

IR X I )EARLGIIBIC LB LR
EHYHEH)TECE L HFEBREOFIF LT
B %z - F B A P o WO ER R0 Bty & AL D AL, W
RE SNTWBHIRBIIN LTHFEEW 5 50F15
BYIEEE & Y 2 BEADTR & f, fE B LR~
LREEIIRHEL TWABZ EBHeMIRD FL
o AR, SERETETOIERENEL
TEHREZELLE TV 2E .

BANTYRME Fo2% JH7S5 - FRISF7R108

(132)



[FIREREBOF ISR | RERED 5 3-FRMIHHEH

. D FRN R ERRERE
3. FhRREEE

hH X

BAMFESME 50248 57 55k
20037 10H




MRS REON R | REREN 52 TR

YOI

II. FlciEaFERAE CRIREE
3. RERLE

E L

=

=

=

BRI EEER RN AEICY— 7 7 2 ¥ Y I BEET AR RRATH 5. 1994 ¢, JilR~7s 0

77—y oau=—flEEF (GM-CSF) Kiflw v R MAEREL BIET D &G SN,

D=

T ANz a7 7 — VI@SEBEE S, TOKR, Y—7 77 5 > bOSRARES N, BiE

5.
FTLZEEHELMIILA.

RNT, FFHIE, 9948, HEPHAL LTREAOMRUMKIZHGM-CSF H CilEd KL IZTFTE
INLORREE ST AT, MFEERREE LTOGMCSFOM B RS PHITDH

b, FAETLGMCSFIRAIC & 5 BAEFF MM OAE QBT e P4 S h .

ik 1279~1283, 2003)

(HNE 92 .

Key words : 5% MAEGE, BRR~ 797 7 — Vo= —QfH, BARE lilldvwre 77—

L ®IC

Tt 28 E3 9 IR B O S B S A )
SREH—T7 7 &Y P T REAVERAT S0
HELTHL. BETH O, FLLTEHERAT
Bl U VITETH DI, MilLy AR
F4E (alveolar lipoproteinosis) & >3, 1958
f#£1ZRosen H I X O, MlilahEpc ) Y IRE & —
TJr oy TFTRIOFAL CHBAFIIFE TS
Bige B e LCHE ST 40 FUL L, ek
FUE I EAE A 20K & L C—H OIPREGTHHE,
HHEOCREKEZFI OATHo 2. FEHHELD
TR\ BFICSRAET B AL B (R I AR Rl T AL
FE & Xidh, £EBF O 90% % & 5 %%, 4,
ZOHTRENASOMIEEL L VEFRS N,
FORIITHET { GM-CSFlFEM I S iz o
DH— WO FIL, FIZLEEMMIEN TS b

s o9 FLEEBES L L ¥ W FEAT LR

AT AEE

(101}

FYAL—vaF LYy —FOMRITH), I
MEIE R R TIEF A L Dl A ETH

5. AFaTld, FOREEMML, FEZREOEE
FHZI DTS,

1. MREREETIVUVADER

1994 %€, Dranoff 512 & ), Wik~ a7 7 —
TR F (GM-CSF) O/ 47~ 7 A& H
IEXBIET H I EAMmE RN, P, K,
AR MERAMABICEE A B A 28
FLA, HEEPoew 7 AIEmME L DE
{REVNRON 2o/, WMISEHRLLIEE B
D L7=d% 12385 T~ RIITELIS, ML
5, MBREREICE - D OFHEMIIIZDAEM
KCW/obiyTdHh b, fily T, Nishinakamura
512X ) GM-CSFEZFHFRBHHORIAT T A TH AR
JEXRIET DI &, TR EOHEFUIPHOE
BMBREROhI-Z Eh 6, GM-CSFDR Y 7+
REgARiE~s a7 r—-VoBRKTEZERL,

BAARESMEE Fo2k F7E - FR1557 B108
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H—7 775 bOGRVEESILT VS
AR X7, Tkegamiid, GM-CSFRIEH<
v AT~ P ER -T2 ¥
vy a5 4 AXRfaflphosphatidil choline
ARAGEMICIRZEALE S A, ZORICS
(T BRI - 53 f# A normal littermatetZ o~ THR
IR FLTWA I EZHELTWS,. 20T,
Yoshida, Shibatab 3 Z O REEMz~ 7 1
Tr—YDY =772y MFRIEORIEIZ X
AT rxmL.

2. MGM-CSFECIHEDOER

GM-CSFRifl= 7 AHMNLEREIZZ > YD
WEXRETAZ LA HM-T, b MOMIBEBE
T4 GM-CSF#H H W FDOZFRINEN D LD
TRV L ZEEOHEBRS LD X LK » TH
AR AR L EREMNRERED T
¢ —#RIZGM-CSFE & ffcommon BHIDFLE AR
Dol EEBREWTINL D RiAAE, &
Tr R b o T

AL 1087 LK, v Miila~ 0T 7 =YD
S{b - BRI T GM-CSF i) Z 12D THf%E

LTwiz. Zo@ET, IFRtEiitE oiEaE
D EMIRRIE IR, ko7 7 —

TEELICHRREKIAS D EVERSMER T S
o7 7—JHEMAHL LI E, BEOD
BiCIEGM-CSFOAEIEMATEE SN TLHDT
v FER T/,

1997 4, MIFFRERFIIFERTIZ D - 1 fE
YRR E VO ER T 120 THELT O
LW O— ABFORA MIDWTWIzH,

BIERDTE-COWMBE RO/, AR E
EREEiilz e &, B CEIHRNOFBE N HE

BB EOHETHo72. LirL, BELTN
BIFREEAH O L NMADRLNT, 270
F VAR SN B 2 1 AE OO FUAT S M BT TR 1L 11
wahiifit o, ThEHMHcersrve 77—
DIF I T B HEEERL, 2 FFDPHo T

BAMRSSME Sk 75 THRI15E7H108

(102)

ZhAt MIGM-CSFHEHATH D L 2 & 1k
Wiz (ZOROBHEIZOWTIZI N E THE
LN OTHERFTWAEL) . ITAET
VERE, B OSSR EMEEREICSVTHGM-
CSF® ¥ 7 F MEEDFEIYRRH T H 5 7T gElEA*
HF o 72, PIGM-CSFHOHUA % M{EIZ R
W2 2L, ST RRIZ R 7.

3. GM-CSFEEDER

WRERF O/ S S Tiesttdhiaga
D LA LD LRI EEME L Twizy,
F—AFFUTERAL AT, $ERMEMEER
JEDTHHAHGM-CSFIzHdb~22ru 77—V DR
INEDIRTFICH B & E ZAEMAGVZ, ESIE
ETFiETHEAGM-CSF 254 UItETHDT
vk e#Ez, ET0LA HRIL 1B36KRS
LT 6 BlAFHIIeLE L7,

1999 4E, FIXIGM-CSFHACHIUER RIS
P E2RETLHLDIEA TP NRIZT A
) H ERE SIS HIE L, #1 TGM-CSFHHED Z
& o7z, FZHIGM-CSFH A FHE TH
BETRL TWah s, i TH5GM-CSFa &
FIRGTAHEDOEKITHEECLDRELEZT,
AR A Z 72285, A LICA 4 A DO EROtto
SchochtZ iR O M & &V et &
HEoTh oo TEDOHDIMMAMEZME L. #&
PRELARELDE o7, MO O
BRI T iHEHERIL 60% FETH o 7275,
SAT NIRRT o F i, R 6 B, 12
WHIZIMHER R 2 T o TV /2. GM-CSFId B
THTHRS IR TV h s, odilk&IIHh
HACHUELSHRMIZE DR LA EEFLIZL
{, BE5 BB X HIARHEIIHES -
Twh EEbhi,

4. BHEDOGM-CSFIRAFZESE 1418

GM-CSFIE TiE#HE DR R RN L Tuv -,
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®. GM-CSF IRASGERIEDIRT—%

FEBI R 2 fERH 3
BE BE i
BEET | 12@% | BEET | 12B% | BEH | 128%
EhiRm A A PO2 (mmHg) 345 569 B66.4 944 43.0 728
(rocm air) PCO2 (mmHg) 40.3 36.2 40.1 33.1 37.2 386.5
A-a D02 (mmHg=) 65.1 47.9 33.5 14.2 62.2 33.1
NN AR VC (L) 1.85 2.26 2.96 3.30 2.20 2.82
FEV1.0 (L) 1.84 1.97 253 2.62 1.93 1.92
%DLco 380 44.3 43.6 489 34.2 574
mE~—A— CEA (ng/mb 118 3.1 13.4 3.7 31.3 2.8
KL-6 (L/mi) 10,850 2303 |11.010 1.654 [39.800 1.690
SP-D {(ng/ml) 312 135 184 114 292 B66.6
CRP (mg/mh 0 6] 0.6 0.6 012 0.08
4 GM-CSF {At5 3054 | 21.85 | 53.01 | 3374 | 2380 [ 1152
(ug/ml)
SEXmiEAE Cell count 2.9 15.9 4.0 16.2 7.5 27.1
==} (x 104/ml)
Macrophage (9%) 62 78 66 94 46.6 244
Lymphocyte (%) 29 21 32 4 40.2 756
Neutrophil (%) 2] 3 2 1 124 ]
Eosinophil (96) 0 0 0 1 0.4 0
CD4/8 ratio 221 221 3.22 1.80 1.73 503
1 GM-CSF {iifk 1.38 .10 0.58 0.01 5.4 0.185
{ue/mb)
6 D ERF T SR pre-Sp02 (%) 93 97 9b 86 a3 87
post-Sp02 (%) 77 85 87 a0 77 85
Distance (meter) 220 322 440 545 220 322

ALK EMEHIIEIEr &, FFREMaED
EDTIEF OB DV TR E T/, b
ZHERLBEORMEER S E X 37mmHg
T, HM#ESEIARER NN, BEETT
Fol i TEMNTELEWS, TEEMTITIE
B2 T 7205 R4 £, 2000 AE LIS IS/ #
FEEDBM S, R THRHFFITLA L&
D OIRERIZ 7 o 7z, RO MIFEBF I, GM-CSF
BTFETEIA NPT ELZE, AL A
TORBOWHR? G LN L EORERH 5
& A6, GM-CSF % 250pg/ H 8 B T 12 58 i1
WATHGTEHI 2D, BEFEHOMELN
&, PHEEEROEEIEN L EFHMEZ TR &
2RO SR LTHIEI P TAA AL D
A L, 2000 £ 12 A2 EHN# OGM-CSF A#EE
AEBLL 7=

(103)

BEITGHE 6 A A T TIIIPRAREE, MR A 2
ELHITHEL L, HEMERTTRELT R
2k o o8, M~ — A —TdH SHCEA (carci-
noembryonic antigen) 23T A0 DT L, 6
H B 24T - 72BAL (bronchoalveolar lavage) i
NIk a7 7 —VNEL RO E,
FOPUEMMA TR L Tz Z &b, BT L 7.
8 MBI Y BB OBRMPBEFE AR A4 1200
L, #EEHHT 34mmHg T - /2028, %
56mmHg# T EH U CTHRWTERET 2 2 5T
&7-.

5. /SOy FXEF 1 —ORE

T 0%, ALK, EhIREiRTE 1 FO
FAESF SR | B ISR AR ERIETRA SR, »

BAEMRMZEESMEE Fo2g E75-FXKI5F7 A108
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L BAICWRGE LTV 5. 3 B0 EIIT RO
PR — & % FT5R L 7= PR A T NS I (VC
) og#EHNFHM S, 1EF 3 % Frw T dLihE
(%Dlco) DR IFIZIAF Th o 7z, MlLHEEE
DI i< — A — TIZCEA, KL-6 2SRz 4 L
7z, BIIRIEOWOIX, SAEIImEEAT R T,
BIERTCAETE L 72 HIGM-CSF H2Hi ko L L3
BIZHERADLZ VI FRUTIET L E
ThbH, ThiIL, MiFFoHCyROF &
B o ol ARSIk oM IX
FERTIZHE T 3~5 fdgim L, Bl R & L2 4
i9 7%z proteinous debris & I A L 7=,

6. ERIEOBHEEXIHEFER
AE, GM-CSFAERNTRT SR T nZ &

o, EELHFINTHEMIZL STEAEBAL
IBULAPFITAND T2V FIGHRT 5D

225D 150 AP ZHESHRET 500
EVIHREIC RS E, BEEELI LN TV
W ks, BEPAOEBIIHEHETH DL EBD
e, FLTR, ZTomlinysiHid e Tk
FEIZEDTL LY, URITDHIERENRT
nEFo T, L, BRPHEAEIROL &
[TIBRF B R EGED 5 OGM-CSFEEZ )
SRl En I luEgbadtirn72,

P 14 5 B, B AE HETER R RO
BRIRIG M ERT e B A AT AL ER VIR
LA, BIRah, [GM-CSFIREAIZX A
HEFRVEMBEESEDHRMZE] I IR
FHE) AR L. FRISE3SALY2ET b
ETORMIPEREBVHBIN, RE6 O
EIEDHIEERBHE SN, 16 E3 A F TIZ 12~
16 BIOEMRZITOTFETH S.

WERIZHIT » T, WIRYEE FROICE Rk —
7ara—VHER SR, EOFFIIETO

GM-CSFIRA I &k B EESRMMBRERE

GEWEO O —JLODEES

BERH Y | AR EMERI TR R BIE R R 35S, GM-CSFRAR O eIl ow Tl HwWTHED

FORBEIHREE LTHRETL, BREREHAL.

& L TERFroom air CEIRRIMAE S E (Paoe) <70mmHgD4ESEIE Ml Q6EMRE

i - At

a) MEFERERNIET ¢ 128K, \GHTIRET 5, 658, 120w THERE T A MHBHBIZ2WTIRE

5.

b) EAHIN ¢ 12RO MERHREI NI O %, HEMMOBET R L, 125ug/0 RA 6%, &t

T 5 EM R EZ T, BRHL PR S NABBRFIIoWTIZZD I X, 125ug/H

A% 6 R

TV, ERh &N SR AERNI oW T, 250ug/H WA % 6 3R IT .

BHRAE I E 1 27 B

WREA A L h e UC X B T MR AL R A — 7 L AAER

725 HMmIEH
OEEHFHETN @ BRTEHOIE

EHHEI © EHERTICA T B G 658, 12 B ORIl —EIR MR 5 e SR O TR,

AR %

SERI (BRESENNC oV TIZFnE) (CEERASER, MIIXMEL, JWECT (HRCT) #7, SHIRMEY
25387, ARESEEAREE, SNSRI IRIRIRZE, 6 I RITIERZ ATV, B2397 X — F DV T HEEMR
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PHAGOCYTES

High-affinity autoantibodies specifically eliminate granulocyte-macrophage
colony-stimulating factor activity in the lungs of patients
with idiopathic pulmonary alveolar proteinosis

Kanji Uchida, Koh Nakata, Bruce C. Trapnell, Takahiro Terakawa, Emi Hamano, Ayako Mikami, lkumi Matsushita, John F. Seymour,
Masayoshi Oh-eda, fkuo Ishige, Yoshinobu Eishi, Takayuki Kitamura, Yoshitsugu Yamada, Kazuo Hanaoka, and Naoto Keicho

Deticiency of granulocyte-macrophage
colony-stimulating factor {GM-CSF) in
mice results in pulmonary alveolar pro-
teinosis (PAP) from impaired surfactant
catabolism by alveolar macrophages
(AMs). Recently, we have shown that neu-
tralizing anti-GM-CSF autoantibodies de-
velop specifically in patients with idio-
pathic pulmonary alveolar proteinosis
(iPAP). Analogous to murine PAP models,
it is plausible that the autoantibodies
reduce GM-CSF activity, resulting in AM
dysfunction and surfactant accurnula-
tion. To examine this hypothesis, we esti-
mated the neutralizing activity of the auto-

antibodies in the lungs of patients and
characterized their biclogic properties.
GM-CSF biocactivity was completely abro-
gated in the bronchoalveolar lavage fluid
{BALF) of patients with iPAP but not In
healthy subjects. Autoantibodies were
present in the alveoli in high concentra-
tions and colocalized with GM-CSF. They
recognized human GM-CSF with high
avidity {Kav = 20.0 £ 7.5 pM) and high
specificity, reacting with its superstruc-
ture and neutralizing GM-CSF activityto a
level 4000 to 58 000 times the fevels of
GM-CSF normally present in the lung.
Although target epitopes varied among

patients, GM-CSF amino acids 78 to 94
were consistently recognized. Thus, auto-
antibodies bind GM-CSF with high speci-
ficity and high affinity, exist abundantly in
the lung, and effectively block GM-CSF
binding to its receptor, inhibiting AM dif-
ferentiation and function. Our data
strengthen the evidence assoclating anti-
GM-CSF autoantibodies with the patho-
genesis of this disease. (Blood. 2004;103:
1089-1098)
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Introduction

Pulmonary alveolar proteinosis (PAP) is a rare lung disorder
characterized by the excessive accumulation of surfactant lipids
and proteins in alveoli, resulting in impaired gas exchange and
respiratory insufficiency.!* Clinically, PAP is divided into congeni-
tal, secondary, and idiopathic forms, with the latter comprising
more than 90% of cases.? ldiopathic PAP (iPAP) has a variable
clinical course ranging from spontancous remission to respiratory
failure, and it can be complicated by sccomdary infections, fre-
quently with opportunistic pathogens.?

The pathogenesis of iPAP is unknown. However, the observa-
tion that histologically similar PAP occurs in mice genetically
deficient in granulocyte macrophage—colony-stimulating factor
(GM-CSF) (GM~/~ mice) or its receptor (GM RBc™'" mice)
suggested that an abnormality in GM-CSF signaling may be
involved.*” Clearance of surfactant lipids and surfactant proteins
by alveolar macrophages {AMs) in these mice is severely impaired,
thus providing an explanation for the increase in surfactant
accumulation.? Murine PAP can be corrected by the local expres-
sion of GM-CSF in the lungs (GM~/~ mice)*'? or by bone marrow
transplantation from a wild-type (GM RBc~/~) mouse.'* AMs from

GM~/~ mice also display a number of molecular, morphologic, and
functional abnormalities in addition to defective surfactant catabo-
lism, all of which are corrected by the reconstitution of GM-CSF in
the lungs. 111435 AMs from GM™/~ mice are deficient in the
macrophage-differentiation-inducing transcription factor, PU.1:
the presence and level of PU.1 in AMs is determined by the
presence and level of GM-CSF in the lung.!2t%17 Furthermore,
retroviral-mediated PU.1 expression in cultured GM~/~AMs cor-
rects all the observed AM defects described above, including
surfactant protein catabolism.” These data show that GM-CSF
exerts its critical role over surfactant homeostasis by acting locally
in the murine lung and stimulating AM terminal differentiation. 4517

Several lincs of evidence suggest that GM-CSF bioactivity in
the lung is also critical for surfactant homeostasis in bumans. First,
the histopathologic abnormalities of the lung in iPAP in humans
strongly resemble those of GM ™/~ mice. !4 7181? Second, AMs in
murine and human iPAP share a number of similar morphologic
and functional abnormalities, including large “foamy™ appear-
ance, 51820 decreased phagocytosis,!*'8.18192) and reduced cellular
adherence,'!® Third, bronchoalveolar lavage fluid (BALF) and
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sera from patients with iPAP contain polyclonal autoantibodies
(hereafter referred to as autoantibodies) that bind and neutralize
human GM-CSE*% Fourth, these autoantibodies are specific for
iPAP and have not been detected in patients with congenital or
secondary PAP, other lung diseases, or healthy persons.?>? Be-
cause physiological levels of GM-CSF protein are normally low,
including levels in the lungs that are on the order of several
picograms per milliliter BALF,® the presence of neutralizing
autoantibodies might have an important effect on GM-CSF bioac-
tivity levels in the lung.

Bused on these findings in animals and humans, we hypoth-
esized that autoantibodies in iPAP bind and neutralize GM-CSF,
thus producing a functional GM-CSF deficiency in the lungs. This
reduces GM-CSF bioactivity in the lungs to levels below the
threshold required for the maintenance of normal AM functions,
including surfactant catabolism. To address this hypothesis, we
established a GM-CSF bioassay and wsed this to measure GM-CSF
bioactivity levels in the BALF of iPAP patients and controls and to
evaluate the relationship between pulmonary autoantibody levels
and GM-CSF bioactivity. In addition, the avidity and specificity of
binding to GM-CSF, neutralizing capacity, and GM-CSF-binding
epitopes were determined for autoantibodies from a number of
iPAP patients. Results indicate that GM-CSF-neutralizing capacity
in the lungs is in vast excess of pulmonary GM-CSF levels,
demonstrating that anti—-GM-CSF antibodies are functionally impor-
tant in iPAP, where they eliminate GM-CSF activity and thus
GM-CSF—dependent signaling in the Jung.

Patients, materials, and methods

Study subjects

All clinical samples were collected from 7 hospitals in Japan participating
in the study of iPAP after written, informed consent was obtiained under
protocols approved by the institutional review boards of the 7 participating
hospitals. A diagnosis of iPAP was suspected from historical, physical,
radiographic, and laboratory data and was confirmed by biochemical
analysis of BALF, pulmonary histopathologic findings, or both. None of the
iPAP patients had a history of intercurrent or antecedent illnesses associated
with secondary PAP.? including hematologic disorders, infectious disease,
or toxic pulmonary inhalation syndromes. None of the patients or subjects
reported here have been included in prior reports on PAP from our group,
and none had received treatment with exogenous GM-CSF. Sera were
obtained from 107 patients with iPAP, 19 healthy control subjects, and 10
patients with other lung diseases (idiopathic pulmonary fibrosis [n = 31,
sarcoidosts {n = 3], acute respiratory distress syndrome [n = 2], collagen
vascular discase [n = 23). BALF was obtained from 34 patients with iPAP,
18 healthy control subjects, and 14 patients with other lung diseases
(eosinophilic pneumonia [n = 4], idiopathic pulmonary fibrosis [n = 4},
surcoidosis [n = 31, hypersensitivity pneumonitis [n = 2}, eosinophilic
granuloma {n = 1]). Open-lung biopsy specimens were cbtained from 4
patients with iPAP and 4 patients undergoing resection of surgically
operable lung cancer.

Reagents

GM-CSFs. The following recombinant GM-CSFs were kindly provided by
the researchers or companies indicated: human (thGM-CSF). Escherichia
coli derived (Kirin Brewery, Takasaki, Japan), Chinese hamster ovary
(CHOQ) cell derived (Novantis Pharma, Basel, Switzerland). yeuast derived
(Immunex, Seattle, WAY, murine (Kirin Brewery): bovine (Dr Yuichi
Yokomize, National Institute of Animal Health, Tsukuba, Japan). lodine-
- 125 ("*D-Bolion-Hunter-labeled thGM-CSF (E coli derived) was pur-
chased from NEN Life Science Products {Boston, MA). Recombinant
carboxymethylated GM-CSF was produced according to the method
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described previously.® Trypsin-digested thGM-CSF was prepared as
described.?”

Otlter cytokines. Recombinant human interleukin-3 (IL-3), IL-4, IL-
10, granulocyte colony-stimulating factor (G-CSF), macrophage colony-
stimulating factor (M-CSF), tumor necrosis factor-o {TNF-a), and inter-
feron-y (IFN-v) were purchased from R&D Systems (Minneapolis, MN).

Antibodies, A polyclonal, epitope-specific, rabbit antihuman GM-CSF
antibody was obtained afier immunization with an rhGM-CSF peptide
comprised of amino acid residues 54 to 73 and was purified by affinity
chromatography. Epitope-specific murine antihuman GM-CSF monoclonal
antibody sets 4117, 1089, 3092, and 1022, which recognize amino acid
residues [ to 11, 40 10 77. 78 to 94, and 110 to 127, respectively, of
thGM-CSF* were kindly provided by Dr Kanakura {Osaka University
Medical School, Japan),

Cell line. A GM-CSF-dependent cell line, TF-1,2 was kindly provided
by Dr Kitamura (University of Tokyo. Japan).

Human alveolar macrophage cultures

Using flexible bronchoscopy, human AMs were obtained from iPAP
patients and controls under conscious sedation and local anesthesia
{lidocaine). Briefly. three 50-mL aliquots of normal saline were institled and
suctioned sequentialty from the right middle lobe or lingula. Cells were
enumerated by hemocytometer, cytocentrifuge sediments were prepared
and stained with Diff-Quick, and differential cell counts were performed on
500 cells per person. AMs were isolated by adhesion to plastic culture
dishes for 1 hour. Adherent cells were seeded into 96-well plates (5 X [0*
cells/well) in RPMI 1640 medium with or without 20% (vol/vol) cell-free
BALF from either iPAP putients or healthy controls. In some experiments,
the culture medivm also contained thGM-CSF (20 ng/mL). Cells were
incubated for 14 days (37°C, 5% CO,). Cell viability was measured by
trypan blue dye exclusion, and cell growth was measured by the 3-14.5-
dimethyl-2-thiazolyl]-2,5-diphenyl-2H-tetrazolium bromide (MTT: Sigma-
Aldrich, St Louis, MO) assay method, as described previously.*230

Immunohistochemical localization of GM-CSF

GM-CSF was localized in the lung by immunohistochemical staining on
paraffin-embedded lung sections frem 4 iPAP patients or 4 controls using a
monoclonal murine antihuman GM-CSF antibedy (R&D Systems), as
deseribed previously.?! Control lung tissues were ebtained from the normal
lung parenchyma of surgical specimens removed for the resection of lung
cancer nedules. Immunohistochemical staining for surfactant apoprotein A
(SP-A) was vsed to identify alveolar type 1l cells using a murine antihuman
5P-A antibody (DAKO, Carpinteria, CA) as above. Color development was
performed using 3-amino-9-ethy! carbazole (AEC) liguid substrate chromo-
gen (DAKO) for GM-CSF and diaminobenzidine (DAB) (Nichirei, Tokye,
Japan) for SP-A.

Quantification of GM-CSF bicactivity

TF-1 cells (2 X 10 cells/well) were cultured (37°C, §% COa) in microtiter
plates for 3 days in macrophage-SFM medium (Invitrogen, Carlsbad, CA})
contatning thGM-CSF in concentrations ranging from 0 to 20 ng/mL
without or with BALF (20% vol/vol) from iPAP patients or healthy
controls. TF-1 cell survival was evaluated using the MTT assay (Sigma-
Aldrich} as described previously.?2¥ The percentage of cell survival was
calculated using the equation, cell survival (%) = 100 X (A — BY(C ~ B),
where A is the absorbance of TF-1 cells grown in the presence of
thGM-CSF and BALF, B is the absorbance of TF-1 cells grown in mediom
only, and C is the absorbance of TF-1 cells grown without BALF but
containing GM-CSF (20 ng/mL). The concentration of exogenousty added
rhGM-CSF that was required for 50% survival of TF-1 cells {SCsp. ng/mL)
in each sample was determined. GM-CSF bioactivity was determined using
the equation GM-CSF bivactivity = SCso(C) — SCsu(B), where GM-CSF
bioactivity is expressed as nanogram equivalests of GM-CSF/mL BALF,
SC5y(C) is the concentration of exogenously added thGM-CSF required for
50% survival of cells without added BALF, and SCsq(B) is the concentra-
tion of exogenously added rhGM-CSF required for 50% survival of cells in



